Appendicular Neuroendocrine Tumors (ANETs) in pediatric age group are infrequent. Though children may present like symptoms of acute appendicitis, these tumors are incidentally picked up during routine histological examination of resected appendix. We report our experience with ANETs in children from a tertiary care hospital in Arabian Peninsula. During 6-year period, there were 700 appendectomies performed in children (≤14 years) and we collected only 3 cases of ANETs diagnosed from histological examination of resected appendix. Appendectomy alone has been sufficient in all cases and they are disease free at follow-up till 3 years after surgery. We have reviewed the clinical presentation, diagnosis and management of these cases. With no typical clinical picture, ANET is usually an incidental finding hence we propose that the review of the histology of resected appendix is mandatory to identify the prevalence of ANETs in pediatric population. For most patients, appendectomy is the appropriate treatment and the outcome is excellent after appendectomy.
Background
In children, Appendicular Neuroendocrine Tumors (carcinoid tumors of the appendix) ANETs are rare and an incidence of about one case per thousand of evaluated patients has been proposed but variations of this rate have also been reported in the literature [1] [2] . Neuroendocrine Tumors are known to occur throughout the gastrointestinal tract, but most common sites are appendix, small bowel and rectum [3] [4] . The clinical presentation of ANETs may be similar to that of acute appendicitis, but in majority these tumors are either identified on histological examination of resected appendix or incidentally found during abdominal surgery performed for another pathology [5] . Untreated ANETs may cause recurrent episodes of abdominal pain due to incomplete or complete obstruction of the appendiceal lumen. ANETs are usually benign neoplasm and the uncommon occurrence of metastasis to liver and retroperitoneum has been reported [6] .
We report our experience with ANETs in children from a tertiary care hospital, which covers pediatric surgical service for a country with 2 million populations. During 6-year period, there were 700 appendectomies performed in children (≤14 years) and we collected only 3 cases of ANETs diagnosed incidentally from histological examination of resected appendix specimens. We have reviewed the clinical presentation, diagnosis and management of these cases.
Case Reports

Case 1
A 14-year-old boy was admitted through emergency room in January 2013 with acute onset of right lower quadrant pain associated with nausea for 1 day. He had similar attack of pain 5 years back, which resolved spontaneously in a day. His physical examination in emergency room revealed mild tenderness in right lower quadrant. His Full blood work up showed WBC 18,600/μl, CRP 13 mg/L. Ultrasound abdomen showed a blind end structure in the right iliac fossa measuring 10 mm in maximum transverse diameter with intraluminal foci or possibly a fecolith and also there was free fluid in the pelvis. Assessment after 12-h revealed localized tenderness in right iliac fossa. He was taken to operating theater and laparoscopy revealed sub hepatic inflamed appendix, which was removed. His postoperative course was uneventful.
Histopathology report of the resected appendix showed a 0.8 × 0.5 cm well differentiated neuroendocrine tumor in the middle of the appendix, which was extending through muscularis mucosa into the surrounding fat (Figure 1(a) ) reaching up to subseroa with lymphovascular invasion (Figure 1 
Case 2
A nine-year-old boy was admitted via emergency room in August 2012 with 1-day history of right lower quadrant pain associated with nausea and low-grade fever. Past history was insignificant. On examination he had tenderness in right lower quadrant. His laboratory work showed WBC 11,200/μl, CRP 18 mg/L and ultrasound abdomen revealed inflamed appendix and phlegmon formation. After intravenous fluids and antibiotics, he had laparoscopy that revealed an inflamed appendix and free fluid in the pelvis. He has uncomplicated appendectomy and an uneventful postoperative course. His histopathology report showed a 0.4 × 0.4 cm nodule in the 
Case 3
A thirteen-year-old male was seen in emergency in July 2007 with periumbilical pain and vomiting for 10-days. In last 24-h his pain shifted to supra pubic area and he was noted to have fever. Patients' past history was insignificant. His examination revealed right lower quadrant tenderness and temperature of 39.1˚C. His WBC was 17,600/μl and ultrasound abdomen was suggestive of acute appendicitis. He was started on intravenous fluids and antibiotics. After stabilization, he was taken to operation room where laparoscopic examination showed severely inflamed appendix. He had laparoscopic appendectomy and in postoperative period he developed port site infection, which was treated with wound cleaning and antibiotics. His histopathology showed 1 × 0.8 cm neuroendocrine (carcinoid) tumor at the tip of appendix, extending to serosa with perineural and lymphovascular invasion (Figure 4 ) but the margins were tumor free. He was further evaluated with CT scan of abdomen and 24-h urine 5-HIAA, which were normal. He remained in follow up till 3 years after surgery and was disease free. Later he has lost follow up as family has moved out from country.
Discussion
Neuroendocrine tumors are considered to be of neuroectodermal origin and classified as part of the other amine precursor uptake and decarboxylation neoplasms [3] [4]. The reported incidence of ANETs in children (≤14 years) range from 0.08% to 0.7% in surgical specimen [5] [7] and prevalence in our study was 0.03 in 700 surgical resected specimen of pediatric appendectomies carried out at our institute in last 6 years. Presentation of ANETs in children is variable. Most common presentation is like acute appendicitis, whereas in others ANET may be an incidental finding during surgery. Some children may present with recurrent abdominal pain due to partial obstruction of the appendiceal lumen or rarely children with ANETs have presented with clinical signs of peritonitis [8] . Symptoms of carcinoid syndrome such as flushing and diarrhea due to increased urine excretion of 5-HIAA have also been reported with liver or retroperitoneal metastases [7] . However, in majority of children aneuroendocrine tumor is usually an incidental finding during histological examination of the resected appendix [1] [2] [7] as happened in all cases in this case series. In all our patients ANETs were discovered during routine histological examination of resected appendix followed by specific Immuno-histochemical staining (Figure 1 and Figure 2 ) and none of these children presented with any carcinoid syndrome symptoms. Post-operative imaging with CT abdomen and 5-HIAA excretions were also unremarkable suggesting that ANETs are usually non-aggressive in paediatric age group.
Most of the ANETs are localized at the tip of the appendix but have also been reported in the mid portion (20%) and at the base of the appendix (5%) [9] . In our study, the tumors were located at the tip (1 case) and in the mid appendix (2 cases) with a diameter of 1 cm or less ( Table 1) .
The management of ANETs depends much on the size, site and depth of the primary tumor. It is generally agreed that appendectomy is sufficient in children with incidental small (<2 cm) ANET localized at tip or in mid appendix and no further surgical intervention is indicated if follow up CT scan of abdomen and 24-h urine 5-HIAA are normal [2] [10]. This practice was followed up in our case series since the diagnosis was made from the appendectomy specimens and additional post-operative evaluation with CT abdomen and urinary excretion of 5-HIAA in all cases were not indicative of any further intervention.
The management of large (>2 cm) ANETs located at base of appendix and extending into the mesoappendix has been a controversial subject. A more extensive surgical procedure such as right hemicolectomy, ileocecal resection and caecotomy has been recommended in adults [2] . However, in paediatric age group with large ANETs a more limited surgical approach has been advocated [8] . Till to date, there is only one documented case of metastatic ANET [6] ; this child had a large (5 cm) ANET and had right hemicolectomy, which contained one lymph node with a metastatic deposit. At 3-year follow-up this patient remained clinically and radiologically disease-free.
There is no consensus regarding the guidelines of clinical follow-up and utility of imaging and neuroendocrine markers in pediatric patients with ANETs since there are not many series published in pediatric literature. In some series, the children were followed up clinically and with ultrasound imaging [11] where as others have advocated using a combination of annual urinary serotonin metabolites and abdominal ultrasonography as 
Conclusion
In summary, ANETs in pediatric age group usually present like acute appendicitis and are discovered incidentally during histological examination of the resected appendix. ANETs in children are less aggressive and the prognosis is excellent after appendectomy. We advocate obligatory review of histopathology of resected specimen to document prevalence of these tumors in children.
